Introduction
============

Glaucoma is one of the most devastating diseases worldwide,[@b1-opth-9-1429],[@b2-opth-9-1429] as is the main cause of blindness in adults. Studies have shown that intraocular pressure (IOP) is the most important risk factor for glaucoma and its progression.[@b3-opth-9-1429],[@b4-opth-9-1429] Since reduction of IOP is reportedly the most effective treatment for glaucoma,[@b5-opth-9-1429],[@b6-opth-9-1429] topical antiglaucoma medications are usually chosen as the primary treatment. Although topical β-blockers have been the primary drugs of choice in the past, prostaglandin analogs are now playing an important role in the medical treatment of the disease. In many cases, these new drugs have halted or reduced the progression of glaucoma.[@b5-opth-9-1429],[@b7-opth-9-1429]--[@b9-opth-9-1429] The guidelines of the European Glaucoma Society and Japanese Glaucoma Society[@b10-opth-9-1429] have recommended that if the first-choice monotherapy is not effective by itself, it is preferable to switch to another drug before giving consideration to any drug combination. Furthermore, when use of a prostaglandin analog alone cannot achieve glaucoma control, another prostaglandin or, perhaps, a second drug is added.

Bimatoprost 0.03% (LUMIGAN^®^, Senju Pharmaceutical Co Ltd, Osaka, Japan) is a synthetic prostamide analog. It has been reported that bimatoprost acts on a prostamide-specific receptor that is different from normal prostaglandin receptors, which suggests a new mechanism of action.[@b11-opth-9-1429] The IOP-lowering properties of bimatoprost are achieved by enhancing both the trabecular meshwork and uveoscleral outflow without diminishing the production of aqueous humor.[@b12-opth-9-1429] Several studies have reported that bimatoprost exhibits a greater IOP-lowering effect than latanoprost 0.005% (Xalatan^®^, Pfizer Inc, Tokyo, Japan).[@b12-opth-9-1429]--[@b15-opth-9-1429] Among the possible drug combinations that can be used when adding a second drug, utilization of a prostaglandin analog with a β-blocker has been shown to be one of the most effective and widely prescribed combinations.[@b16-opth-9-1429] In Japan, the fixed combination of latanoprost 0.005% and timolol maleate 0.5% (LTFC, Xalacom^®^, Pfizer Inc) has recently become available. Among the several countries that have conducted trials for this drug, some have reported finding no significant advantage compared with latanoprost monotherapy,[@b17-opth-9-1429],[@b18-opth-9-1429] whereas others have reported that LTFC was as effective as concomitant administration of the individual components.[@b19-opth-9-1429]--[@b21-opth-9-1429] However, to date, there have been no reported clinical trials on the IOP reduction efficacy and safety between bimatoprost and LTFC in Japanese patients with glaucoma.

The current study was designed to prospectively evaluate and compare the IOP reduction efficacy and safety using bimatoprost and LTFC in Japanese open-angle glaucoma patients who had not controlled by latanoprost monotherapy.

Subjects and methods
====================

In this prospective, randomized, non-masked study, we examined 70 eyes of 70 Japanese open-angle glaucoma patients (42 females and 28 males, mean age 66.9±12.9 years) who had received latanoprost monotherapy for more than 4 weeks in at least one eye. Patients were randomly divided into a bimatoprost group or an LTFC group. Both groups were switched from latanoprost to either bimatoprost or LTFC for 12 weeks. This study was approved by the institutional review board of Kyoto Prefectural University of Medicine, Kyoto, Japan. All experimental procedures were conducted in accordance with the tenets set forth in the Declaration of Helsinki. Written informed consent was obtained from all patients. Patients who were treated by latanoprost monotherapy at the Kyoto Prefectural University of Medicine and Oike-Ikeda Eye Clinic and could not achieve IOP control or had progressive glaucomatous changes in their visual field were enrolled in the study between 2011 and 2013. All subjects involved in the study were Japanese. The diagnostic criteria for normal-tension glaucoma (NTG) were: (1) normal iridocorneal open angle, (2) no evidence of high IOP (IOP ≤21 mmHg), (3) glaucomatous changes in the visual field with optic nerve cupping, and (4) absence of other optic neuropathies. For the diagnosis of primary open-angle glaucoma (POAG), while numbers (1), (3), and (4) of the earlier listed criteria were the same, patients had to have a maximum IOP \>21 mmHg. All NTG and POAG diagnoses were made according to the guidelines of the Japan Glaucoma Society and European Glaucoma Society. Patients with a past history of other treatments, such as laser surgery or glaucoma surgery, were excluded from the study. We also excluded patients who had diseases that are not suitable for β-blocker eyedrops, such as asthma, hyperreactive airway disease, and heart disease.

In all patients, IOP, conjunctival injection score (grade: 0--3), corneal epitheliopathy score (area density classification; AD score), tear film break-up time (BUT), systolic and diastolic blood pressure (BP), and heart rate (HR) were evaluated at 0, 4±1, and 12±2 weeks after switching. Since each patient came to the hospital at the same time for these three measurements, we were able to measure all parameters at the same time of day. IOP was measured by a Goldmann applanation tonometer. If both eyes were available, we used the right eye data only. At every visit, the mean BUT score was calculated from three measurements determined using a stopwatch, and conjunctival status were evaluated from slit-lamp images. Three glaucoma specialists conducted the study.

The following parameters were compared between the two groups: mean IOP values, mean IOP changes, injection score, AD score, BUT, HR, systolic BP, and diastolic BP. Mean IOP changes were compared between the two groups at different time points.

Statistical analysis
--------------------

Fisher's exact test was used to compare the number of patients in the two groups who had responded to therapy and exhibited an IOP reduction. We also compared the ratio of patients in the two groups who exhibited no IOP changes, increased IOP, or reduced IOP. Patients who had changes that were within a ±10% IOP reduction were classified as exhibiting no changes. The paired Student's *t*-test was used to compare parameter values within each of the two groups, while the Mann--Whitney *U*-test was used for statistical comparison of values between the two groups. A *P*-value of \<0.05 was considered to be statistically significant. These analyses were performed using scientific biostatistics graphing software (GraphPad Prism^®^ version 6.0.3, GraphPad Software Inc, La Jolla, CA, USA). For the sample size calculations, the significance level was set to 5% and the power to 80%. The 35-patients-per-group number was calculated for a Δ of 1.7 mmHg and standard deviation of 2.5 mmHg.

Results
=======

Patient characteristics
-----------------------

Thirteen of the 70 patients dropped out of the study, resulting in 57 (33 females and 24 males, mean age 64.7±12.9 years) being available for analysis of IOP reduction and safety. The primary reason why patients dropped out of the study was poor compliance (five patients in the LTFC group). Side effects led to four patients in the bimatoprost group (itching and blurred vision) and two patients in the LTFC group (coughing and palpitations, pain in the eyes) also dropping out of the study. Another two patients were withdrawn because they were discovered to be taking oral steroid medications.

Of the 57 analyzed patients, 30 were assigned to the bimatoprost group (19 females and eleven males, mean age 66.4±12.4 years) and 27 were assigned to the LTFC group (14 females and 13 males, mean age 62.9±13.5 years). The bimatoprost group consisted of five POAG patients and 22 NTG patients, while the LTFC group consisted of six POAG patients and 24 NTG patients. There were no statistically significant differences found between groups for mean age (*P*=0.3001) or sex (*P*=0.4295) ratio.

Mean IOP change in the bimatoprost and LTFC groups
--------------------------------------------------

At 0, 4, and 12 weeks, the mean IOPs of the bimatoprost (30 eyes) and LTFC (27 eyes) groups were 13.2, 11.6, and 11.6 mmHg, and 13.3, 11.5, and 11.6 mmHg, respectively. In both groups, there was already a significant decrease in mean IOP at 4 weeks compared with week 0 (*P*\<0.0001 in both groups; [Figure 1A and B](#f1-opth-9-1429){ref-type="fig"}). There were no IOP differences at 12 weeks compared with the values at 4 weeks in both groups (*P*=0.8498 for the bimatoprost group and *P*=0.8427 for the LTFC group; [Figure 1A and B](#f1-opth-9-1429){ref-type="fig"}). IOP comparisons between the two groups additionally showed no significant differences at 4 or 12 weeks (*P*=0.6743 and *P*=0.9143; [Table 1](#t1-opth-9-1429){ref-type="table"}, [Figure 2](#f2-opth-9-1429){ref-type="fig"}).

We also compared the two groups for the ratio of patients with no IOP changes, with an increased IOP, and with a reduced IOP. There were no significant differences in any of the ratios between any of the groups analyzed ([Table 2](#t2-opth-9-1429){ref-type="table"}).

Side effects observed in the LTFC and bimatoprost groups
--------------------------------------------------------

The conjunctival injection scores were 0.6±0.5, 0.9±0.7, and 1.2±0.8 for the bimatoprost group and 0.7±0.5, 0.7±0.6, and 0.6±0.5 for the LTFC group at 0, 4, and 12 weeks, respectively. The conjunctival injection score at 12 weeks was higher in the bimatoprost group vs the LTFC group (*P*=0.0091; [Table 3](#t3-opth-9-1429){ref-type="table"}). There were no significant differences in either of the groups for the conjunctival injection score at 4 weeks (*P*=0.4032; [Table 3](#t3-opth-9-1429){ref-type="table"}).

The corneal AD scores (total score of area and density grade) at baseline were 1.9±1.5 for the bimatoprost group and 1.6±1.4 for the LTFC group. The scores were 1.5±1.4 and 1.6±1.4 for the bimatoprost group and 1.6±1.4 and 1.7±1.4 for the LTFC group at 4 and 12 weeks, respectively. At baseline, BUT was 6.0±4.4 seconds in the bimatoprost group and was 5.2±4.0 seconds in the LTFC group. The values were 6.0±4.7 and 5.4±4.3 seconds in the bimatoprost group and 5.0±4.5 and 5.2±3.9 seconds in the LTFC group at 4 and 12 weeks, respectively. There were no significant differences between the two drugs in relation to AD score or BUT ([Table 3](#t3-opth-9-1429){ref-type="table"}).

At 0, 4, and 12 weeks, the mean systolic/diastolic BP in the bimatoprost group and LTFC group was 127/73, 127/74, and 129/75 mmHg, respectively, and 130/75, 128/76, and 129/74 mmHg. There were no significant differences in systolic BP or diastolic BP at 4 and 12 weeks compared with the values at week 0 in either group. BP comparisons between the two groups also showed no significant differences at 4 or 12 weeks ([Table 3](#t3-opth-9-1429){ref-type="table"}).

At 0, 4, and 12 weeks, mean HR in the bimatoprost and LTFC groups was 80, 79, and 77 beats per minute, respectively, and 77, 76, and 77 beats per minute. There were no significant differences in HR at 4 and 12 weeks compared with week 0 in either group. In addition, there were no significant differences in HR comparisons between the two groups at 4 and 12 weeks (*P*=0.3719 and *P*=0.8803; [Table 3](#t3-opth-9-1429){ref-type="table"}).

Discussion
==========

In this randomized clinical study, 70 Japanese open-angle glaucoma patients uncontrolled IOP being treated by latanoprost only were changed to a new therapy of either bimatoprost or LTFC. While bimatoprost and LTFC have previously been reported to have the same efficacy for lowering IOP in some studies,[@b22-opth-9-1429]--[@b24-opth-9-1429] another study reported that LTFC was superior to bimatoprost in reducing IOP.[@b25-opth-9-1429] Our study, which is the first randomized prospective clinical trial of these two treatments in the Japanese population, showed that both treatments were effective in controlling IOP starting from baseline. It has also been reported that bimatoprost has a greater IOP-lowering effect than latanoprost,[@b12-opth-9-1429]--[@b15-opth-9-1429] and that LTFC reduces the IOP levels to a greater degree than latanoprost monotherapy[@b26-opth-9-1429]--[@b30-opth-9-1429] in both the Japanese population and in other races. We found similar results in our current study.

However, some patients in the current study did not exhibit any IOP reduction after being changed to either bimatoprost or LTFC. Since we only enrolled patients who responded to latanoprost, it is possible that patients who exhibited no reduction in their IOP after being changed to LTFC could have been nonresponders or poor responders to β-blockers. It has also been reported that LTFC was more effective than latanoprost monotherapy, but less efficacious than unfixed combinations of latanoprost-timolol.[@b31-opth-9-1429] In these patients, the β-blocker had been previously used twice a day while LTFC was used only once a day, so LTFC might be less effective if we used latanoprost once a day plus β-blockers twice a day.

On the other hand, there were also 13 patients (43.3%) who did not exhibit a reduced IOP after being changed to bimatoprost, indicating that the effect of bimatoprost is almost equal to that of latanoprost. One patient (3.3%) who exhibited an increased IOP after being changed to bimatoprost was thought to be a nonresponder to bimatoprost. The IOP-lowering effect of bimatoprost was reported to be equal to that of latanoprost in a previous report.[@b32-opth-9-1429] We found similar results in some of our patients in the current study. Thus, the IOP-lowering effect of bimatoprost could differ from patient to patient. Some patients did not exhibit a reduced IOP after switching to bimatoprost or LTFC; however, most of the patients exhibited minor IOP reduction. Moreover, IOP was considerably reduced in some patients after switching to bimatoprost and LTFC, so we found significant differences in IOP after switching from latanoprost.

While it appears that bimatoprost has great potential with regard to its IOP-lowering effect, it has been reported to cause more conjunctival hyperemia than has been seen in patients treated with latanoprost[@b15-opth-9-1429],[@b33-opth-9-1429] or LTFC.[@b23-opth-9-1429],[@b24-opth-9-1429] In our study, we found that the conjunctival injection score at 12 weeks was higher in the bimatoprost group vs the LTFC group, which mirrors the results of the previous reports.

Since LTFC contains β-blocker eyedrops, the possibility exists that it could affect both HR and BP. β-blocker eyedrops can be directly absorbed into the systemic circulation, which occurs mainly through the nasopharyngeal mucosa. However, this has yet to be definitively clarified, as some previous papers have reported that eyedrops containing a β-blocker affected the HR but not the BP,[@b25-opth-9-1429],[@b34-opth-9-1429] while other studies have reported that these eyedrops did not affect either HR or BP.[@b35-opth-9-1429],[@b36-opth-9-1429] Our current study could not find any differences in HR or BP between the bimatoprost and LTFC groups. HR and BP changes can also be affected by several other parameters, such as age and duration of β-blocker eyedrop use. Since β-blocker eyedrops cannot be used in patients with heart or pulmonary disease, we excluded these patients from our study. Thus, this exclusion could have affected our results. It has recently been reported that no differences were found in 24-hour IOP, systolic BP, or diastolic BP between latanoprost and bimatoprost in NTG patients.[@b37-opth-9-1429] In that study, they also investigated diastolic ocular perfusion pressure (DOPP), and the mean 24-hour DOPP for latanoprost was increased from baseline for latanoprost, but not for bimatoprost. In this study, we did not investigate DOPP; however, it would be interesting to investigate.

It has also been reported that β-blocker eyedrops can have adverse effects on the ocular surface epithelium or tear function.[@b38-opth-9-1429]--[@b40-opth-9-1429] Our current study could not find any differences in either the AD scores or the BUT. LTFC eyedrops contain a β-blocker (timolol). Since we used LTFC once a day and timolol is usually used twice a day, this could have affected our results. In a previous report, significant differences were found at 20 weeks after starting β-blocker eyedrops.[@b29-opth-9-1429] We only observed our patients for 12 weeks, and if we had continued our investigations for a longer time period, we may have found differences between the two groups.

The results of the current study indicated no differences in IOP reduction in the bimatoprost and LTFC groups, suggesting that both treatments can be considered for use in patients with uncontrolled IOP after latanoprost monotherapy. However, since both types of eyedrop are associated with various side effects, the type of eyedrop used needs to be carefully chosen in accordance with each individual case. Furthermore, as patients with pulmonary or heart disease can encounter severe side effects after administration of β-blocker eyedrops, the past history should be carefully examined before choosing the type of eyedrop to use.

Some patients are not aware that heart or pulmonary disease is a contraindication to β-blocker use when the symptoms of those patients are mild. Moreover, as the possibility exists that these diseases can emerge with age, it should always be considered that there is a possible risk of side effects in patients even when they report that they do not have these diseases. Moreover, since there is an increase in the percentage of patients with pulmonary or heart disease with age, it might be best to choose bimatoprost rather than LTFC when treating elderly patients.

Out of the total of 70 patients, 13 patients dropped out before finishing this study. Reasons for dropping out included not being able to visit the hospital at the appointed time or because they found it impossible to use the eyedrops according to the set schedule. The fact that so many subjects dropped out raises the possibility that compliance issues could be a major factor that needs to be taken into consideration when setting up treatments. We also found that side effects led to four patients in the bimatoprost group (itching and blurred vision) and two patients in the LTFC group (coughing and palpitations, pain in their eyes) dropping out of the study. Even though the number of patients who dropped out due to side effects was larger in the bimatoprost group than in the LTFC group in this study, bimatoprost was a better treatment for some patients because bimatoprost did not contain a β-blocker and was able to effectively control their IOP.

Since more conjunctival injections are required for bimatoprost vs LTFC, cosmetic problems are of particular concern in women and young people, and it is recommended that LTFC be used in patients who express a concern about these potential cosmetic problems. Therefore, when choosing eyedrops to treat patients, one must carefully consider not only the patient's age, sex, and physical condition, but also the degree of compliance expected.

It should be noted that this study did have some limitations. First, we only compared the efficacies of bimatoprost and LTFC in patients who had been previously treated with latanoprost. Furthermore, this study did not simply compare the IOP-lowering effects of the two drugs.

Another limitation was that there were four times as many NTG patients vs POAG patients in this study. Using a Japanese population, the findings of a previous study revealed that there were many more NTG patients than POAG patients.[@b41-opth-9-1429] We had to further decrease the IOP in the NTG patients when one drug could not halt or reduce the progression of visual field loss if the IOP was in the low teen values because the baseline was low. In a fixed combination study, it was reported that there was a strong linear relationship between the mean baseline IOP and the treatment-induced mean reduction in IOP.[@b42-opth-9-1429] In that study, since most of the patients were NTG patients with the characteristic Japanese glaucoma type, no significant differences were found between the two groups because the IOP reduction was low due to the low baseline IOP. We plan on enrolling more POAG patients to compare the IOP reduction between bimatoprost and LTFC in POAG patients in a future investigation.

An additional limitation was that there was no washout period when we switched from latanoprost to bimatoprost or LTFC. In this study, some patients' visual field loss progressed with the disease, so there was not enough time to have a washout period. However, we evaluated IOP and other parameters at 12 weeks after switching from latanoprost, which should be a sufficient amount of time to eliminate the influence of latanoprost.

A further limitation was that although we compared IOP and BP at the same time in each patient, we were not able to measure IOP and BP at the same time in all patients. Further, we had compliance issues. There might be a possibility that the IOP reduction after switching to bimatoprost or LTFC was partly due to the fact that patient compliance was better after switching from latanoprost, ie, the Hawthorne effect.

We also had additional limitations. Although this study was randomized, it was not masked, and it was conducted not only in a university hospital but also in a private clinic, so it was difficult to prescribe eyedrops in a masked manner. Another limitation was that although 70 patients were enrolled, only 57 patients were ultimately analyzed due to the number of dropouts. In the future, we plan to enroll a greater number of patients for analysis. Finally, we only observed patients for 12 weeks in the current study. Thus, further investigations with a longer follow-up period will need to be undertaken.

Conclusion
==========

Bimatoprost and LTFC have similar efficacy for the reduction of IOP. Safety comparisons between the two drugs showed that only the conjunctival injection score at 12 weeks was higher in the bimatoprost group vs the LTFC group.
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![Mean IOP change from baseline (week 0) in the bimatoprost and LTFC groups.\
**Notes:** Data are given as the mean ± standard deviation. \*\*\*\**P*\<0.0001. Mean IOP change from baseline (week 0) in the bimatoprost group (**A**) and the LTFC group (**B**). In both groups, IOP lowering was observed from week 0 to week 4, and then remained constant from week 4 through week 12.\
**Abbreviations:** IOP, intraocular pressure; LTFC, latanoprost-timolol fixed combination; ns, non-significant.](opth-9-1429Fig1){#f1-opth-9-1429}

![Mean IOP change from baseline (week 0). No significant difference between the two groups was observed at week 4 (*P*=0.4052) or at week 12 (*P*=0.6968).\
**Note:** Data are given as the mean ± standard deviation.\
**Abbreviations:** IOP, intraocular pressure; LTFC, latanoprost-timolol fixed combination.](opth-9-1429Fig2){#f2-opth-9-1429}

###### 

Intraocular pressure levels in the LTFC and bimatoprost groups at baseline, week 4, and week 12

  Assessment        LTFC       Bimatoprost   *P*-value
  ----------------- ---------- ------------- -----------
  Baseline (mmHg)   13.3±2.7   13.2±3.0      0.72
  Week 4 (mmHg)     11.5±2.9   11.6±2.7      0.67
  Week 12 (mmHg)    11.6±2.7   11.6±2.5      0.91

**Note:** Data are given as the mean ± standard deviation.

**Abbreviation:** LTFC, latanoprost-timolol fixed combination.

###### 

Percentage of patients whose mean IOP increased, decreased, or stayed the same compared with baseline after switching from latanoprost monotherapy at week 12

                              LTFC (n=27)   Bimatoprost (n=30)   *P*-value
  --------------------------- ------------- -------------------- -----------
  \>10% IOP increase          1 (3.7%)      1 (3.3%)             1.00
  ±10% IOP change             10 (37%)      13 (43.3%)           0.79
  10% \< IOP reduction ≤20%   7 (25.9%)     9 (30%)              0.78
  20% \< IOP reduction ≤30%   6 (22.2%)     4 (13.3%)            0.49
  \>30% IOP reduction         3 (11.1%)     3 (10%)              1.00

**Abbreviations:** LTFC, latanoprost-timolol fixed combination; IOP, intraocular pressure.

###### 

Side effects in the LTFC and bimatoprost groups at baseline, week 4, and week 12

                          Baseline   Week 4    Week 12                                                  
  ----------------------- ---------- --------- --------- --------- --------- ------ --------- --------- ------------------------------------------------------
  Injection               0.7±0.5    0.6±0.5   0.50      0.7±0.6   0.9±0.7   0.40   0.6±0.5   1.2±0.8   0.0091[\*\*](#tfn5-opth-9-1429){ref-type="table-fn"}
  AD score                1.6±1.4    1.9±1.5   0.63      1.6±1.4   1.5±1.4   0.70   1.7±1.4   1.6±1.4   0.82
  BUT (seconds)           5.2±4.0    6.0±4.4   0.57      5.0±4.5   6.0±4.7   0.42   5.2±3.9   5.4±4.3   0.82
  HR (beats per minute)   77±13      80±12     0.21      76±13     79±11     0.37   77±15     77±10     0.88
  Systolic BP (mmHg)      130±23     127±23    0.40      128±24    127±24    0.83   129±23    129±23    0.91
  Diastolic BP (mmHg)     75±15      73±13     0.29      76±15     74±13     0.30   74±15     75±13     0.47

**Notes:** Data are given as the mean ± standard deviation.

*P*\<0.01.

**Abbreviations:** LTFC, latanoprost-timolol fixed combination; AD, area density classification; BUT, tear film break-up time; HR, heart rate.
